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Description 

Field of the Invention 

[0001] This invention relates to radio-frequency iden- 
tification systems which operate with sequential power/ 
read functions, and, more particularly, to an identifica- 
tion system as defined in the precharacterizing portion 
of claim 1 and to a remote sensor system as defined in 
the precharacterizing portion of claim 4 as well as a 
method of interrogation in such systems. 

Background of the Invention 

[0002] Radio-frequency identification systems with in- 
terrogator sequential power/read functions, operate 
over a large dynamic range with regard to field strength 
levels. This phenomena stems from the fact that the 
largest required reading range of any given read area 
defines the power level in conjunction with the predeter- 
mined time window. If an RF-ID system is designed for 
maximum range, the close-proximity field strength is 
very high for the transponders nearest the interrogator. 
In such cases, transponders may be heated up by the 
over-voltage protection circuit which is absorbing exces- 
sive power in near field conditions. The second negative 
effect is that most of the charge-up pulse is wasted for 
the closest transponders. If, for example, a power pulse 
must be 50 milliseconds in length to charge the furthest 
transponder, but the closest transponder requires only . 
5 milliseconds to obtain sufficient energy to return a re- 
ply, the other 49.5 milliseconds of the power pulse is 
wasted on the closest transponders. 
[0003] The over-charging problem is especially disad- 
vantageous in temperature sensor applications. In such 
applications, an accurate temperature measurement 
may not be obtainable because the transponder even- 
tually dissipates the extra power pulse energy in the sur- 
rounding area of the sensor, which is typically in the tem- 
perature measurement vicinity. Over-charging can 
cause the temperature of the transponder to rise any- 
where from 20-80 C, depending upon the required read- 
ing range and/or the transponders distance from the in- 
terrogator, thereby causing enormous errors in the tem- 
perature measurement readings. 
[0004] The duration of the interrogation power pulse, 
thus the energy consumption and heating-up of the 
transponder, as well as the energy consumption of the 
interrogation unit can be optimized by the proposed in- 
vention. 

[0005] EP-A-0 301 127 discloses an identification/re- 
mote sensor system comprising a transponder for re- 
ceiving pulses of energy and then transmitting a re- 
sponse signal and interrogator for transmitting a series 
of said interrogation pulses, said interrogator further in- 
cluding a receiver for monitoring said response signal. 
[0006] EP-A-0 442 390 discloses a battery less trans- 
ponder which comprises a resonant circuit which can be 



stimulated to oscillate by interrogation pulses, an energy 
storage capacitor which receives energy from the stim- 
ulated resonant circuit and a voltage limiting means for 
limiting the voltage at the energy storage capacitor. If 

5 the voltage exceeds a desired value the voltage limiting 
means switches via a transistor a further capacitor in 
series to the resonant circuit such that the resonance 
frequency of the resonant circuit is shifted. As a result 
the charging of the energy storage element is interrupt- 

io ed and an undesired dissipation of excess energy can 
be avoided. 

Summary of the Invention 

is [0007] Since the distance from the interrogator to the 
transponder cannot be controlled in many RF-ID appli- 
cations, a time or power control over the interrogation 
pulse is provided to eliminate transponder heat-up. Ac- 
cording to one aspect of the invention, an identification 

20 system comprising the features of the characterizing 
portion of claim 1 is provided. The RFJD system ac- 
cording to a preferred embodiment of this invention 
transmits a narrow interrogation pulse, for example of 5 
msec du ration and then monitors for an even shorter du- 

25 ration, for example 1 msec, for a transponders response 
signal. The monitoring duration is maintained a mini- 
mum to create the most efficient charge-up system. Up- 
on the absence of the transponders response signal, the 
interrogator increases the interrogation pulse duration 

30 in steps, until the receiver in the interrogator detects a 
response signal. A response signal indicates that the 
transponder has received enough power from the inter- 
rogation signal, represented as a voltage stored on a 
capacitor located in the transponder. This system can 

35 be supported by transponders which have no discharge 
function, to allow the transponders to achieve the final 
charge-up voltage level with a series of combined short 
duration power pulses, or by transponders which have 
discharge functions and which must wait for an ade- 

40 quate duration interrogation pulse to receive enough 
voltage. 

[0008] Moreover, according to one embodiment, 
when more than one transponder is within an interroga- 
tion read range, after a transponder has sent a response 
45 message back to the interrogator, that transponder is 
inactivated for a predetermined amount of time to allow 
the rest of the transponders in the read range to respond 
to an interrogation pulse. 

[0009] According to a further aspect of the invention, 
so a remote sensor system comprising the features of the 
characterizing portion of claim 4 is provided. 
[001 0] According to a still further aspect of the inven- 
tion, a method of interrogation as defined in claim 7 is 
provided. 

55 

Brief Description of the Drawings 

[0011] Figure 1 is a block diagram of the interrogator 
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showing those elements that make up an integral part 
of the invention. 

[001 2] Figure 2 is a block diagram of the transponder 
showing those elements that make up an integral part 
of the invention. 

[001 3] Figure 3 is a timing and voltage diagram show- 
ing the excess energy a close transponder must dissi- 
pate when a power pulse to reach the farthest power 
pulse is transmitted by a prior art interrogator. 
[0014] Figure 4 is a timing and voltage diagram that 
shows the absorption of the interrogation pulse by dis- 
chargeable transponders according to the invention. 
[0015] Figure 5 is a timing and voltage diagram that 
shows the aborption and the discharge of the interroga- 
tion pulse by dischargeable transponders according to 
the invention. 

[0016] Figure 6 is a timing and voltage diagram that 
shows how transponders with no discharge function can 
be charged with a series of like duration interrogation 
pulses. 

[0017] Figure 7 is a timing and voltage diagram that 
shows how transponders with no discharge function can 
be charged with a series of increasingly longer duration 
interrogation pulses. 

[001 8] Figure 8 is a timing and voltage diagram show- 
ing the optimum length of time and voltage of the inter- 
rogation pulse in a high speed automobile vehicle iden- 
tification application. 

Detailed Description of the Preferred Embodiments 

[0019] A block diagram of an interrogator is shown in 
Figure 1 . According to a first preferred embodiment, an 
oscillator 10 of the interrogator 9, commanded by a mi- 
croprocessor not shown, sends a signal through a var- 
iable amplifier 12 to a coupler 14, where the amplified 
interrogation signal resonates the parallel resonant 
combination 16 and is transmitted via the antenna 18. 
The first interrogation signal transmitted is a short power 
pulse, for example, 5 milliseconds, which is shorter in 
pulse duration than would be required to power up the 
most distant transponder. The receiver 20 of the inter- 
rogator 9 then listens for a short, predetermined time 
period, for example, 1 millisecond, for a transponders 
response signal. If the receiver 20 does not detect a re- 
sponse during the predetermined listening time period, 
it sends a control signal to the Pulse Width Control Cir- 
cuitry 21. According to one embodiment, the Pulse 
Width Control Circuitry 21 includes a data control circuit 
22 which receives the control signal from receiver 20, 
and in turn sends a signal to the time duration control 
circuit 24 to increase the duration of the interrogation 
pulse. The interrogator 9 continues a cycle of sending 
successively longer duration interrogation pulses and 
monitoring for a transponders response until the receiv- 
er 20 in the interrogator 9 detects the presence of a 
transponders response signal, thereby signifying an ad- 
equate charge-up power level in the transponder. 



[0020] In either embodiment, the interrogation pulse 
is received by antenna 26 of the resonant circuit 28 
which resonates with the interrogation signal frequency 
in the transponder 25 shown in Figure 2. The interroga- 
tion pulse is rectified by the diode 30 and the voltage 
stored in energy storage element 32. Circuit element 38 
generates the transponder response signal in response 
to the termination of the interrogation pulse and a volt- 
age level representative of a predetermined amount of 
power received from the interrogation pulse signal. The 
termination of the interrogation pulse is detected in the 
transponder by an RF threshold detector, which is not 
shown, when the amplitude of the RF oscillation at the 
resonant circuit 28 has dropped below a predetermined 
level. Therefore, for transponders 25 with no discharge 
function, the interrogation pulses are received, rectified 
and stored such that, if the received pulses do not trans- 
late into enough power to enable a response, the trans- 
ponder 25 substantially maintains the current voltage 
level and waits for another interrogation pulse. On the 
other hand, for a transponder 25 with a discharge func- 
tion, the interrogation pulse is received, rectified and 
stored such that, if the received pulse does not translate 
into enough voltage to enable a response, the trans- 
ponder 25 is discharged and must wait for a longer du- 
ration pulse. The difference between charging a trans- 
ponder 25 with a discharge function and charging a 
transponder 25 without a discharge function, located the 
same distance from an interrogator 9, is that the trans- 
ponder 25 with no discharge function can charge-up to 
the required voltage with a series of short duration, or 
low amplitude pulses and the transponder 25 with a dis- 
charge function must wait for a longer duration, or higher 
amplitude interrogation pulse. 

[0021] As an illustration of the variable duration inter- 
rogation pulse preferred embodiment, the task of locat- 
ing a single transponder which has a discharge function 
is addressed. An interrogation pulse of short duration is 
transmitted initially from the antenna 18 of interrogator 
9. Then, receiver 20 listens for a predetermined time pe- 
riod, much shorter than the duration of the interrogation 
pulse, and upon the absence of a transponders re- 
sponse signal, Pulse Width Control Circuit 24 increases 
the duration of the interrogation pulse. Although the 
transponder 25 has not responded, signifying storage 
of an insufficient amount of interrogation signal energy, 
the transponder 25 may have stored some energy from 
the interrogation signal, simply not enough to transmit 
a response signal. However, because the transponder 
25 has a discharge function, as soon as the transponder 
acknowledges that the interrogation signal has terminat- 
ed and there is an inadequate amount of energy stored, 
transponder 25 discharges. Therefore, to charge-up 
transponder 25, an interrogation pulse of the same du- 
ration as the first interrogation pulse would not suffice. 
The transmission of a longer duration interrogation 
pulse, as transmitted by the interrogator 9 of Figure 1 
would be necessary. Thus, the interrogator 9 continues 
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to send longer and longer duration interrogation pulses 
until the interrogator detects the presence of a trans- 
ponders response signal. In this way, the transponder 
is charged to the required voltage without heating up 
with excess interrogation signal energy. In another em- s 
bodiment of the invention, the transponder 25 does not 
have a discharge function. Therefore, a series of inter- 
rogation pulses having the same duration may also 
charge-up the transponder 25 to the required voltage 
also without causing the transponder 25 to heat up with 
excess interrogation signal energy. 
[0022] One of the greatest advantages offered by the 
interrogator transmitting a series of short duration, lower 
power interrogation pulses versus very long duration, 
very high power interrogation pulses is realized in a re- 
mote temperature measurement system. Transponders 
25 which have temperature measurement sensors, are 
prone to inaccurate temperature readings in a standard 
RF-ID system which continually transmits an interroga- 
tion pulse of adequate duration to charge-up the furthest 
transponder. By transmitting a minimum duration inter- 
rogation signal, followed by successively longer interro- 
gation pulses, transponders with temperature sensors 
can achieve more accurate temperature measure- 
ments. For example, in a prior-art remote temperature 
sensor system, a transponder receives, stores and rec- 
tifies the interrogation signal and upon a detected de- 
crease in the power level of the interrogation signal and 
in response to a voltage level representative of a prede- 
termined amount of power received from the interroga- 
tion pulse signal, makes a temperature measurement 
and transmits a transponder response signal indicative 
of the temperature measurement. In addition, if the in- 
terrogation pulse is of longer duration than necessary to 
charge the transponder to the predetermined voltage, 
the remainder of the interrogation pulse is received, rec- 
tified and dissipated as heat, as shown in Figure 3. Fig- 
ure 3 shows a voltage versus time diagram for a typical 
prior art RF-ID system. The power signal 44 of length t 2 
which is the amount of time it takes to power up the fur- 
thest transponder 48 in a given RF-ID system, is trans- 
mitted and the voltage versus time diagrams for the clos- 
est 46 and the furthest 48 transponders are shown un- 
derneath. The closest transponder 46 stores V-, amount 
of voltage, which is the amount of voltage required by 
the transponder to return a response, by time t-, which 
is a very small percentage of the duration of the interro- 
gation signal. Therefore, from t-, to t 2 , while the furthest 
transponder 48 is still charging up to the required volt- 
age V 1 and waiting for the end of the power burst signal, 
the closest transponder 46 is exposed to the same pulse 
and may heat up while it dissipates the excess energy 
of the interrogation signal. The excess energy being dis- 
sipated as heat by the close transponder 46 is indicated 
in the shaded region of the close transponders 46 volt- 
age versus time diagram. There is little to no excess en- 
ergy to be dissipated by the far transponder 48, as seen 
in its voltage versus time diagram, as transponder 48 



requires all the energy absorbed to perform the temper- 
ature meansurement, not impaired by heating-up ef- 
fects, and transmit the transponder response signal. 
[0023] However, in a preferred embodiment accord- 
ing to the invention, Figure 4 shows how varying the 
length of the interrogation pulse can charge-up trans- 
ponders having a discharge function, located at different 
distances from the interrogator, to the same required 
voltage V 1 , without the transponders having to dissipate 
extra interrogation signal as heat. For example, Trans- 
ponder 1 is located just a short distance from the inter- 
rogator, therefore requiring only the minimum interroga- 
tion pulse duration t 1 to achieve the required voltage 
to transmit a response signal. Therefore, Transponder 
1 receives the interrogation pulse of duration t 1 , detects 
a decrease in the power level of the interrogation pulse 
and a voltage level V t> representative of a predeter- 
mined amount of power received from the interrogation 
pulse signal, takes a temperature measurement and 
transmits a response signal. As shown in Figure 4, 
Transponder 1 does not receive any excess interroga- 
tion signal which it must dissipate as heat. In a preferred 
embodiment of the invention, after sending a response 
signal, Transponder 1 is inactivated for a predetermined 
amount of time to allow the rest of the Transponders 
within a given interrogation range to respond. Therefore 
when the interrogator then transmits an interrogation 
pulse of duration t 2 , Transponder 1 does receive the in- 
terrogation pulse but is inactivated and does not re- 
spond thus intefere with Transponder 2 signal. Instead, 
Transponder 2 receives the interrogation pulse of dura- 
tion t 2 , takes a temperature measurement and transmits 
a response signal under the same conditions as Trans- 
ponder 1 . Because interrogator 9 is transmitting succes- 
sively longer duration interrogation pulses, instead of 
the maximum required duration pulses which would 
charge up the furthest transponder, Transponder 1, 2 
and 3 are activated. 

[0024] Although the transponders are receiving much 
closer to the exact amount of energy necessary to re- 
spond, there may still be some excess interrogation en- 
ergy to dissipate, but just not nearly as much excess, 
especially for the transponders close to the interrogator. 
In a preferred embodiment according to the invention, 
transponder 25 performs temperature sensor functions 
via circuit element 38, and circuit element 38 also pro- 
vides corrected temperature measurements which are 
corrected by an over-voltage compensating logic circuit, 
also a part of circuit element 38. Zener diode 34 and 
current sensor resistor 36 together form a current sens- 
ing over-voltage protection circuit. The value of zener 
diode 34 is chosen such that it will conduct when a high- 
er voltage level exists than that representing the prede- 
termined amount of power required to transmit a trans- 
ponders response signal has been received from the in- 
terrogation signal. In other words, the conduction of the 
zener diode 34 signifies an over-voltage condition. Upon 
conduction of zener diode 34 and detection of such con- 
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duction by the current sensing element 36, a signal is 
transmitted from the current sensing element 36 to the 
temperature measurement compensating logic circuit of 
circuit element 38. The temperature measurement com- 
pensating logic circuit 38 receives a current level from 
the current sensing element 36 and combines this infor- 
mation with the amount of time elapsed from the start of 
current flow, then adjusts the temperature measurement 
accordingly, thereby compensating for the heat being 
generated by the excess energy of the interrogation 
pulse. Once the temperature measurement has been 
adjusted, the transponder response signal generator of 
circuit element 38 then transmits a response signal via 
antenna 26 back to the interrogator of Figure 1 , wherein 
in one preferred embodiment according to the invention, 
comprises an identification code and a heat compensat- 
ed temperature measurement. 

[0025] In another preferred embodiment according to 
the invention, instead of compensating for the inaccura- 
cy of the temperature measurement, the temperature 
measurement is performed before the transponder has 
time to heat up. In other words, before the termination 
of the interrogation pulse, for example, in the first milli- 
second that a voltage level V-,, representative of a pre- 
determined amount of power received from the interro- 
gation pulse signal is detected, take the temperature 
measurement and then store the temperature measure- 
ment. After the transponder then detects a decrease in 
the power level of the interrogation signal, retrieve the 
temperature measurement and transmit the response 
signal back to the interrogator. 

[0026] Another illustration of a preferred embodiment 
according to the invention comprising the interrogators 
of Figure 1 and the Transponders 1 , 2 and 3, which have 
a discharge function, of Figure 4, is illustrated in Figure 
5. Interrogator 9 transmits a first minimum duration in- 
terrogation pulse of 5 msec in duration. Transponder 1 
closest to the interrogator 9 charges up to the required 
voltage V-| with the first interrogation pulse and sends a 
response signal in return. After Transponder 1 transmits 
a response signal back to the interrogator 9, in a pre- 
ferred embodiment, Transponder 1 is inactive to trans- 
mit another response signal for the predetermined 
amount of time that it takes for the remainder of the 
transponders in the interrogation range to respond. 
Therefore, when the interrogator 9 sends a second 
pulse of 5 msec, the same duration as the first pulse, 
the receiver 20 of the interrogator does not detect a re- 
sponse signal and the duration of the next interrogation 
pulse is increased via the Pulse Width Control Circuit 
24. In the embodiment shown in Figure 5, the increase 
is shown to be double the original pulse width. 
[0027] Transponders 2 and 3 are further from the in- 
terrogator and charge up partially from the first and sec- 
ond 5 msec interrogation pulses, but do not acquire the 
V t volts required to return a response signal. Therefore, 
while Transponder 1 , having received adequate energy 
from interrogation pulse of duration t-j to respond, is 



transmitting the response signal, Transponders 2 and 3 
are discharging the amount of energy received from the 
interrogation pulse of duration t v Upon transmission of 
the interrogation pulse of 10 msec duration, Transpond- 

s er 2 is charged up to a voltage of V 1 , initiating a response 
signal, and subsequently inactivating Transponder 2. 
Again, the interrogator 9 transmits an interrogation 
pulse of 10 msec duration, and the receiver 20 of the 
interrogator does not detect a response signal and, in 

10 the embodiment shown, the Pulse Width Control Circuit 
24 doubles the duration of the next interrogation pulse 
to 20 msec. Transponder 3 is the furthest of the trans- 
ponders from the interrogator 9, thus none of the first 
four interrogation pulses were of sufficient duration to 

15 charge Transponder 3 to the required voltage V v How- 
ever, transmission of the interrogation pulse of 20 msec 
duration charged Transponder 3 to the voltage V v initi- 
ating a response signal, and subsequently inactivating 
Transponder 3. 

20 [0028] Although Figures 4 and 5 show a preferred em- 
bodiment according to the invention relative to trans- 
ponders which have discharge functions, Figure 6 
shows a preferred embodiment of the invention relative 
to transponders which have no discharge function. The 

25 advantage of using transponders with no discharge 
function, is that the interrogation signal duration does 
not have to be increased to reach further and further 
transponders. In addition, the transponders after receiv- 
ing any energy from an interrogation signal at all, retain 

30 a substantial amount of that energy, and add any new 
energy received from other interrogation pulses to that 
existing amount of energy. For example, Transponder 
60 receives some energy from the first 5 msec, minimum 
duration, interrogation pulse, and substantially retains 

35 that energy. Upon reception of the second 5 msec du- 
ration interrogation pulse, Transponder 60 has acquired 
V 1 volts of interrogation energy and is enabled to trans- 
mit a response signal. Transponder 62, which is further 
from the interrogator than Transponder 60, receives 

40 some energy from the first two 5 msec interrogation 
pulses, but because it is further from the interrogator 
than Transponder 60, Transponder 62 does not receive 
as much energy. However, the energy that Transponder 
62 has received is retained and upon transmission of a 

45 third, 5 msec interrogation pulse, Transponder 62 also 
acquires V-, volts ,and transmits a response signal. 
Transponder 64, which is the furthest transponder from 
the interrogator, also receives and retains energy from 
the first three, 5 msec interrogation pulses and requires 

50 two more, 5 msec interrogation pulses before it has re- 
ceived the necessary volts necessary to transmit a 
response signal. 

[0029] Although Figure 6 shows that transponders 
with no discharge function, located at different distances 
55 from the interrogator 9, can be charged with a series of 
short, like duration interrogation pulses, the same trans- 
ponders could be charged with a series of successively 
longer duration interrogation pulses, as shown in Figure 
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7. In this way, the interrogation process may be expidit- 
ed by reaching more transponders simultaneously. Cau- 
tion may be desired in the use of this interrogation meth- 
od with transponders which have no discharge function 
because the benefits of increased range may be offset 5 
by the amount of detrimental overages incurred in many 
of the transponders reached. 

[0030] It is to be understood that doubling the duration 
of the interrogation pulse is one pertubation of many 
possible variations. For example, the pulse duration 
could be increased up to the 1 00 % represented by dou- 
bling the duration. Actually the increase could be even 
greater than 100%. As a more complicated example, 
there is oftentimes a given gaussian or bell shaped dis- 
tribution of transponders in a given interrogation range. 
Therefore, instead of the interrogation pulses having 
double the duration or some other percentage increase, 
upon the absence of the response signal, the interroga- 
tor could have a circuit which would calculate the prob- 
ability of a transponder falling within a certain range of 
the interrogator, and then calculate the required interro- 
gation pulse duration to reach that transponder. Or, an- 
other alternative would be when sending an interroga- 
tion pulse which will potentially power-up many trans- 
ponders, instead of calculating a specific interrogation 
pulse duration, increase the duration of the interrogation 
pulse in much smaller steps. This method would be sim- 
ilar to the way that digital transformations of analog data 
are done. When an analog signal is in a maximum, 
where there are many data points located in a small ar- 
ea, the digital steps are made very small to increase the 
accuracy of the measurment. In the same way, the pow- 
er time control circuit 24 of the interrogator, could, when 
in the vicinity of a distribution maximum, make much 
smaller incremental changes in the duration of the inter- 
rogation pulse. 

[0031] Furthermore, if the transponders do not have 
a discharge function and are located beyond the maxi- 
mum in the distribution of transponders, chances are 
that they are very close to having the required voltage 
necessary to send a response signal. Therefore, a 
decrease in the duration of the interrogation pulse may 
be necessary to charge-up the transponder without the 
risk of incurring a detrimental overage. 
[0032] Figure 8 shows that in Automobile Vehicle 
Identification (AVI) applications involving high speed ve- 
hicles, the same types of over-voltage problems exist 
that are shown in the prior art voltage versus time func- 
tion shown in Figure 3. An antenna 60 embedded in the 
road has the main lobe and side lobe field characteris- 
tics shown in the dotted lines. This field characteristic 
gives rise to three reading regions designated in the 
main lobe by "Region B u and the side lobes by "Region 
A". In the main lobe "Region B", the field strength is great 
and so a very short power pulse of length t 1 is necessary 
to power up the transponder to the required voltage V-|. 
However, in the side lobes "Region A", there are not as 
many field lines so, as shown in the graph of region "A", 



the pulse is not as strong and it takes a longer pulse of 
length t 2 to charge-up the transponder to the reqired 
voltage V-j. Thus, an interrogator that sends longer 
pulse lengths to anticipate reading a car at the front of 
the antenna pattern, wastes a huge percent of the inter- 
rogation pulse upon entering the center of the antenna, 
because the transponder is charged up the the required 
voltage V 1 quickly and then dissipates the greater por- 
tion of the interrogation pulse as heat. Therefore, the 
interrogator optimally sends longer duration pulses, for 
example 20 msec, when no response from a transpond- 
er is detected and the car is still approaching the anten- 
na. However, upon detection of a transponder response 
signal, the interrogator transmits much shorter duration 
interrogation pulses, for example 5 msec, because the 
transponder has been charged by "Region A" of the an- 
tenna once and is now in "Region B" of the antenna. The 
interrogator continues to transmit short duration interro- 
gation pulses until the interrogator does not detect a 
transponders response for a predetermined amount of 
time, signifying the departure of the transponder from 
the range of the interrogation antenna. Upon the ab- 
sense of the response signal, the interrogator transmits 
longer duration pulses again. 



Claims 

1 . An identification system comprising: 

a transponder (25) for receiving pulses of en- 
ergy and then transmitting a response signal; and 
an interrogator (9) for transmitting a series of said 
interrogation pulses of energy and further including 
a receiver (20) for monitoring for said response sig- 
nal, characterized in that said series of interroga- 
tion pulses of energy range from pulses having a 
minimum duration to pulses having successive 
longer duration and said interrogator receiver (20) 
monitors for said response signal for less duration 
than said transmitted interrogation pulse of mini- 
mum duration, and wherein said interrogator (9) fur- 
ther comprises a pulse width control circuit such 
that in the absence of said transponder (25) trans- 
mitting a response signal, said interrogator (9) 
transmits an interrogation pulse having longer du- 
ration. 

2. The identification system of claim 1 , characterized 
in that said interrogator (9) further comprises: 

an oscillator (10) for generating said interroga- 
tion signal, 

said pulse width control circuit being connected 
to said oscillator (10) for determining the pulse 
duration of said interrogation signal; 
an antenna (18) connected to said oscillator 
(10) for transmitting said interrogation signal 
and receiving said response signal; 
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said receiver (20) being connected to said an- 
tenna (18) for emitting a control signal in re- 
sponse to the absence of said response signal; 8. 
a data control circuit (22) connected to said re- 
ceiver (20) for sending an activating signal to 5 
said pulse width control circuit in response to 
said control signal, wherein said pulse width 9. 
control circuit increases the duration of said in- 
terrogation pulse in response to said activating 
signal. io 

The identification system of claim 1 , characterized 
in that said transponder (25), subsequent to the 
transmission of said message, is inoperable to 
transmit another message for a predetermined is 
amount of time. 10. 



4. A remote sensor system comprising an interrogator 
(9) for transmitting a series of pulses of energy and 

a transponder (25) for receiving said pulses of en- 20 
ergy and storing said pulses of energy up to a pre- 
determined amount of voltage, characterized in 
that said pulses range from pulses having a mini- 
mum duration to pulses having successively longer 
duration and subsequent to storing said pulses of 25 
energy up to a predetermined level said transpond- 
er (25) dissipates the remainder of said pulses as 
heat, thereby indicating an over-voltage condition, 
and also senses an environmental condition and 
transmits a response signal. 30 

5. The remote sensor system of claim 4, character- 
ized in that said transponder (25) further comprises 
over-voltage protection circuitry (34, 36) and com- 
pensatory logic circuitry such that in response to 35 
said over-voltage condition, said compensatory log- 
ic circuitry compensates said sensed environmen- 
tal condition for said over-voltage condition. 

6. The remote sensor system of claim 5, character- 40 
ized in that said response signal comprises an 
identification code and said compensated environ- 
mental condition. 

7. A method of interrogation in a communication sys- 45 
tern comprising an interrogator (9), which transmits 

an interrogation signal, and transponders (25) 
which receive the interrogation signal and transmit 
a response signal, comprising the steps of: 



signal is detected. 

The method of claim 7, characterized in that said 
monitoring step is performed by a receiver (20) in 
the interrogator (9). 

The method of claim 7, characterized in that said 
increasing step comprises the steps of transmitting 
a control signal from said receiver (20) to a data 
control circuit (22), transmitting an activating signal 
from said data control circuit (22) to a pulse width 
control circuit in response to said control signal, in- 
creasing the pulse duration via said pulse width 
control circuit in response to said activating signal. 

The method of claim 7, characterized in that said 
generating step is performed by an oscillator (10) in 
the interrogator (9). 



11. The method of claim 7, characterized in that said 
monitoring for a response signal occurs for a pre- 
determined duration. 

12. The method of claim 11 , characterized In that said 
predetermined duration is of shorter duration than 
said minimum duration interrogation pulse. 



Patentanspruche 

1. Identifizierungssystem, mit : 

einem Transponder (25) zum Empfangen von 
Engergieimpulsen und zum anschlieGenden Sen- 
den eines Antwortsignals; und einer Abfrageein- 
richtung (9) zum Senden einer Reihe der Abfrage- 
Energieimpulse, der ferner einen Empfanger (20) 
zum Uberwachen der Antwortsignals enthalt, da- 
durch gekennzeichnet, daft die Reihe der Abfra- 
ge-Energieimpulse von Impulsen mit minimaler 
Dauer bis zu Impulsen mit sukzessive langerer 
Dauer reicht und der Abfrageempfanger (22) das 
Antwortsignal wahrend einer kurzeren Dauer als 
diejenige des gesendeten Abfrageimpulses mit mi- 
nimaler Dauer uberwacht, wobei die Abfrageein- 
richtung (9) ferner eine Impulsbreiten-Steuerschal- 
tung enthalt, derart, daB bei Fehlen eines vom 
Transponder (25) gesendeten Antwortsignals die 
Abfrageeinrichtung (9) einen Abfrageimpuls mit 
langerer Dauer sendet. 



generating a first interrogation signal compris- 2. 
ing a minimum duration pulse; 
transmitting said minimum duration pulse; 
monitoring for a response signal and in the ab- 
sence of said response signal, increasing the 55 
pulse duration of said interrogation signal; and 
repeating said generating, transmitting, moni- 
toring and increasing steps until said response 



Identifizierungssystem nach Anspruch 1 , dadurch 
gekennzeichnet, daB die Abfrageeinrichtung (9) 
ferner enthalt: 

einen Oszillator (10) zum Erzeugen des Abfra- 
gesignals, 

wobei die Impulsbreiten-Steuerschaltung mit 
dem Oszillator (10) verbunden ist, um die Im- 
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pulsdauer des Abfragesignals zu bestimmen; 
eine Antenne (18), die mit dem Oszillator (10) 
verbunden ist, um das Abfragesignal zu sen- 
den und das Antwortsignal zu empfangen; 
wobei der Empfanger (20) mit der Antenne (18) s 
verbunden ist, um als Antwort auf das Fehlen 
des Antwortsignals ein Steuersignal zu sen- 
den; 

eine Datensteuereinheit (22), die mit dem Emp- 
fanger (20) verbunden ist, um als Antwort auf io 
das Steuersignal ein Aktivierungssignal an die 
Impulsbreiten-Steuerschaltung zu schicken, 
die die Dauer des Abf rageimpulses als Antwort 
auf das Aktivierungssignal erhoht. 

15 

Identifizierungssystem nach Anspruch 1, dadurch 
gekennzeichnet, daB der Transponder (25) im An- 
schluG an das Senden der Nachricht wahrend einer 
vorgegebenen Zeitdauer keine weitere Nachricht 
senden kann. 20 

Fernsensorsystem, das eine Abfrageeinrichtung 
(9) zum Senden einer Reihe von Energieimpulsen 
und einen Transponder (25) zum Empfangen der 
Energieimpulse und zum Speichern der Energieim- 25 
pulse bis zu einer vorgegebenen Spannung enthalt, 
dadurch gekennzeichnet, daB die Impulse von 
Impulsen mit minimaler Dauer bis zu Impulsen mit 
sukzessive langerer Dauer reichen und daft der 
Transponder (25) im AnschluG an das Speichern 30 
der Energieimpulse bis zu einem vorgegebenen 
Pegel die restlichen Impulse als Warme abfuhrt, 
wodurch ein Uberspannungszustand angezeigt 
wird, und auGerdem eine Umgebungsbedingung 
erfafSt sowie ein Antwortsignal sendet. 35 

Fernsensorsystem nach Anspruch 4, dadurch ge- 
kennzeichnet, daB der Transponder (25) ferner ei- 
ne UberspannungsschutzSchaltungsanordnung 
(34, 36) und eine Kompensationslogik-Schaltungs- *o 
anordnung enthalt, derail, daG als Antwort auf den 
Uberspannungszustand die Kompensationslogik- 
Schaltungsanordnung die erfaGte Umgebungsbe- 
dingung fur den Uberspannungszustand erfaGt. 

45 

Fernsensorsystem nach Anspruch 5, dadurch ge- 
kennzeichnet, daB das Antwortsignal einen Iden- 
tifizierungscode und die kompensierte Umge- 
bungsbedingung enthalt. 

50 

Abfrageverfahren in einem Kommunikationssy- 
stem, das eine Abfrageeinrichtung (9), die ein Ab- 
fragesignal sendet, und Transponder (25), die das 
Abfragesignal empfangen und ein Antwortsignal 
senden, enthalt, mit den folgenden Schritten: 55 

Erzeugen eines ersten Abfragesignals, das ei- 
nen Impuls mit minimaler Dauer enthalt; 



Senden des Impulses mit minimaler Dauer; 
Uberwachen eines Antwortsignals und, wenn 
das Antwortsignal nichtvorhanden ist, Erhohen 
der Impulsdauer des Abfragesignals; und 
Wiederholen der Erzeugungs-, Sende-, Uber- 
wachungs- und Erhohungsschritte, bis das Ant- 
wortsignal erfaGt wird. 

8. Verfahren nach Anspruch 7, dadurch gekenn- 
zeichnet, daB der Oberwachungsschritt durch ei- 
nen Empfanger (20) in der Abfrageeinrichtung (9) 
ausgefuhrt wird. 

9. Verfahren nach Anspruch 7, dadurch gekenn- 
zeichnet, daB der Erhohungsschritt die folgenden 
Schritte enthalt: Senden eines Steuersignals vom 
Empfanger (20) an eine Datensteuereinheit (22), 
Senden eines Aktivierungssignals von der Daten- 
steuerschaltung (22) an eine Impulsbreiten-Steuer- 
schaltung als Antwort auf das Steuersignal und Er- 
hohen der Impulsdauer mittels der Impulsbreiten- 
Steuerschaltung als Antwort auf das Aktivierungs- 
signal. 

10. Verfahren nach Anspruch 7, dadurch gekenn- 
zeichnet, daB der Erzeugungsschritt durch einen 
Oszillator (10) in der Abfrageeinrichtung (9) ausge- 
fuhrt wird. 

11. Verfahren nach Anspruch 7, dadurch gekenn- 
zeichnet, daB die Uberwachung eines Antwortsi- 
gnals wahrend einer vorgegebenen Dauer erfolgt. 

12. Verfahren nach Anspruch 11, dadurch gekenn- 
zeichnet, daB die vorgegebene Dauer kurzer als 
diejenige des Abf rageimpulses mit minimaler Dauer 
ist. 



Revendications 

1. Systeme d'identification comprenant : 

un repondeur (25) pour recevoir des impul- 
sions d!energie et emettre alors un signal de 
reponse ; et un interrogateur (9) pour emettre une 
serie desdites impulsions d'interrogation d'energie 
et comprenant en outre un recepteur (20) pour sur- 
veiller ledit signal de reponse, caracterise en ce que 
ladite serie d'impulsions d'interrogation d'energie 
s'etend depuis des impulsions ayant une duree mi- 
nimale a des impulsions ayant des durees succes- 
sives plus longues et que ledit recepteur (20) d'in- 
terrogateur surveille ledit signal de reponse pen- 
dant une dur6e inferieure a ladite impulsion emise 
d'interrogation dedur6e minimale, etdans lequel le- 
dit interrogateur (9) comprend en outre un circuit de 
commande de largeur d'impulsion, de sorte qu'en 
I'absence d'emission par ledit repondeur (25) d'un 
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signal de reponse, ledit interrogateur (9) emet une 
impulsion d 1 interrogation ayant une duree plus lon- 
gue. 

2. Systems d'identification selon la revendication 1, 
caracterise en ce que ledit interrogateur (9) com- 
prend en outre : 

un oscillateur (10) pour produire ledit signal 
d'interrogation, 

ledit circuit de commande de largeur d'impul- 
sion etant relie audit oscillateur (10) pour deter- 
miner la duree d'impulsion dudit signal 
d'interrogation ; 

une antenne (18) reliee audit oscillateur (10) 
pour emettre ledit signal d'interrogation et re- 
cevoir ledit signal de reponse ; 
ledit recepteur (20) etant relie a ladite antenne 
(18) pour emettre un signal de commande en 
reponse a I'absence dudit signal de reponse ; 
un circuit (22) de commande de donnees relie 
audit recepteur (20) pour envoyer un signal 
d'activation audit circuit de commande de lar- 
geur d'impulsion en reponse audit signal de 
commande, dans lequel ledit circuit de com- 
mande de largeur d'impulsion augmente la du- 
ree de ladite impulsion d'interrogation en re- 
ponse audit signal d'activation. 

3. Systeme d'identification selon la revendication 1, 
caracterise en ce que ledit repondeur (25), apres 
remission dudit message, est empeche d'emettre 
un autre message pendant un intervalle predeter- 
mine de temps. 

4. Systeme de capteurs §loignes comprenant un in- 
terrogateur (9) pour 6mettre une serie d'impulsions 
d'energie et un repondeur (25) pour recevoir lesdi- 
tes impulsions d'energie et stocker lesdites impul- 
sions d'energie jusqu'a une valeur predeterminee 
de tension, caracterise en ce que lesdites impul- 
sions s'etendent depuis des impulsions ayant une 
duree minimale jusqu'a des impulsions ayant des 
dur6es successivement plus longues et, apres le 
stockage desdites impulsions d'energie jusqu'a une 
valeur predeterminee de tension, ledit repondeur 
d'identification (25) dissipe le reste desdites impul- 
sions sous forme de chaleur, indiquant ainsi une 
condition de surtension, et detecte aussi une con- 
dition d'environnement et emet un signal de repon- 
se. 

5. Systeme de capteurs eloignes selon la revendica- 
tion 4, caract£ris6 en ceque ledit repondeur d'iden- 
tification (25) comprend en outre un circuit (34, 36) 
de protection anti-surtension et un circuit logique 
compensatoire, de sorte qu'en reponse a ladite con- 
dition de surtension, ledit circuit logique compensa- 



toire compense ladite condition detectee d'environ- 
nement pour ladite condition de surtension. 

6. Systeme de capteurs eloignes selon la revendica- 
s tion 5, caracterise en ce que ledit signal de reponse 

comprend un code d'identification et ladite condition 
compensee d'environnement. 

7. Precede d'interrogation dans un systeme de com- 
10 munication comprenant un interrogateur (9), qui 

6met un signal d'interrogation, et des r6pondeurs 
(25) qui recoivent le signal d'interrogation et emet- 
tent un signal de reponse, comprenant les etapes 
consistant a : 

75 

produire un premier signal d'interrogation com- 
prenant une impulsion de duree minimale ; 
emettre ladite impulsion de duree minimale ; 
surveiller un signal de reponse et, en I'absence 
20 dudit signal de nSponse, augmenter la duree 

d'impulsion dudit signal d'interrogation ; et 
repeter lesdites etapes de generation, emis- 
sion, surveillance et augmentation jusqu'a ce 
que ledit signal de reponse soit detected 

25 

8. Procede selon la revendication 7, caracterise en ce 
que ladite 6tape de surveillance est executee par 
un recepteur (20) dans I'interrogateur (9). 

30 9. Procede selon la revendication 7, caracterise en ce 
que ladite etape d'augmentation comprend les eta- 
pes consistant a envoyer un signal de commande 
depuis ledit recepteur (20) a un circuit (22) de com- 
mande de donnees, emettre un signal d'activation 
35 depuis ledit circuit (22) de commande de donnees 
a un circuit de commande de largeur d'impulsion en 
reponse audit signal de commande, et augmenter 
la duree d'impulsion au moyen dudit circuit de com- 
mande de largeur d'impulsion en reponse audit si- 
40 gnal d'activation. 

10. Procede selon la revendication 7, caracterise en ce 
que ladite etape de generation est executee par un 
oscillateur (10) dans I'interrogateur. 

45 

11 . Procede selon la revendication 7, caracterise en ce 
que ladite surveillance d'un signal de reponse a lieu 
pendant une duree predeterminee. 

50 12. Procede selon la revendication 7, caracterise en ce 
que ladite duree predeterminee a une valeur plus 
courte que ladite impulsion d'interrogation de duree 
minimale. 
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